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Caywood, Janene, M., M.A., June 1980 Anthropology 
Ecology o f  Guatemalan Howler Monkeys (A loua t ta  p ig ra  Lawrence)
(61 pp.)
D i re c to r :  Dr. C h a r i ine G. Smith
The purpose o f  t h i s  study was to  i d e n t i f y  re la t io n s h ip s  between 
several parameters o f  fo rag ing  behavior o f  Guatemalan howler 
monkeys (A loua t ta  p iq ra  Lawrence). F ie ld  work was c a r r ie d  out 
dur ing the summer o f  1978 a t  T ika l  National Park, Guatemala, C.A. 
Data were c o l le c te d  by continuous foca l  animal sampling o f  the 
fo rag ing  a c t i v i t i e s  o f  one a d u l t  female howler.  Ecological 
v a r ia b le s  were a lso recorded. Data were coded and the in fo rm at ion  
key-punched so th a t  analyses could be c a r r ie d  ou t  using the 
U n iv e rs i t y  o f  Montana, DEC-20 computer. P lant  p a r t  and species 
u t i l i z a t i o n  data were analyzed 1) as a u n i t  o f  56 days, 2) by 
seven-day s u b f i l e s ,  and 3) by d a i l y  increments. Data concerning 
ranging behavior were p lo t te d  and used w i th  the SYMAP and ASPEX 
programs to determine heavy use areas in  the howler home range.
By breaking down d ie ta ry  data in to  small segments, pa t te rns  o f  
resource e x p lo i t a t io n  emerged th a t  have not been discussed by 
previous researchers.  L ike  howler species in  o ther  areas, howlers 
a t  T ik a l  e x h ib i t  a g e n e ra l i s t  he rb ivore  behavioral adaptat ion 
t h a t  enables them to su cce ss fu l ly  u t i l i z e  a d i e t  low in  o v e ra l l  
energy a v a i l a b i l i t y .
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CHAPTER I 
INTRODUCTION
Researchers in  the f i e l d  o f  behaviora l  ecology have f e l t  f o r  some 
time th a t  there  must be an i d e n t i f i a b l e  r e l a t i o n s h ip  between the way an 
animal behaves and the k ind and d i s t r i b u t i o n  o f  a v a i la b le  food in  i t s  
environment. The opera t iona l  problem has been to  i d e n t i f y  these 
r e la t io n s h ip s .  Foraging s t r a te g ie s ,  those ac t ions  associa ted w i th  
searching o u t ,  process ing, and consuming food, represent the o p t im i ­
za t ion  o f  in d iv id u a l  f i t n e s s  through energy u t i l i z a t i o n  {Pyke, e t .  a l .  
1978). By c le a r l y  d e l in e a t in g  the fo rag ing  s t ra te g y  o f  a c e r ta in  
group o f  an imals,  the r e la t i o n s h ip  between i t s  behavior and env iron­
mental resources may be more f u l l y  understood.
I t  has been accepted by most researchers th a t  the food a v a i la b le  
to an animal may not be con t inuous ly  d i s t r i b u t e d ,  s p a t i a l l y  or  
tem pora l ly  i n  i t s  environment. Rather, one food patch may be separated 
from others  by areas o f  f o r e s t  th a t  do not con ta in  food (Cant 1977).
In o ther  words, resources are p a t c h i l l y  d i s t r i b u t e d .  This i s  o v e r t l y  
obvious to  one when cons ider ing primate species w i th  d ie ts  high in  
f r u i t ,  o r  o ther  h e a v i ly  clumped foods. The lack  o f  con t inuous ly  
d i s t r i b u te d  food sources is  not so obvious,  however, when cons ider ing  
pr imates t h a t  r e l y  p r im a r i l y  upon leaves, the fo l i v o ro u s  pr imates.
From recen t  eco log ica l  s tud ies  (Glander 1978, M i l to n  1978), i t  seems
1
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t h a t  e s p e c ia l ly  f o r  f o l i v o r e s ,  a l l  t h a t  is  green is  not gas t ro -  
nom ica l ly  a c c e p t ib le .  There are many fa c to rs  o th e r  than mere presence 
or  absence o f  a food type t h a t  determine i t s  a v a i l a b i l i t y .
Since the e a r ly  1970s, many o f  the s tud ies  in  primate ecology 
have centered on d ie t a r y  concerns and fo rag ing  behavior.  Researchers 
are in te re s te d  in  i d e n t i f y i n g  p re c is e ly  the k ind o f  food a v a i la b le  to 
an an imal,  the r e s t r a i n t s  l i m i t i n g  food a v a i l a b i l i t y ,  and the ways 
animals best u t i l i z e  food resources. In  conducting t h i s  research,  I 
was concerned w i th  several  aspects o f  the fo rag ing  behavior o f  
Guatemalan howler monkeys, A loua t ta  p i q r a . As such t h i s  th e s is  may be 
termed an eco log ica l  s tudy,  the primary o b je c t i v e  o f  which is  to  
i d e n t i f y  re la t io n s h ip s  among several parameters o f  fo rag ing  behavior.  
The research was c a r r ie d  out dur ing the summer o f  1978, a t  T ika l  
National Park, in  Guatemala, Central America.
S u i t a b i l i t y  o f  the Study Animal and S i te
Howler monkeys a t  T ika l  National Park are e x c e l le n t  sub jects  f o r  
a study o f  fo rag ing  behavior f o r  several reasons. The howler popu­
l a t i o n  in  and around the cen t ra l  ru ins  area has been est imated to  be 
about tw e n ty - f i v e  animals.  Previous researchers a t  T ika l  have 
c o n s is te n t ly  reported low popu la t ion  d e n s i t ie s  f o r  howlers from th i s  
area (Coelho 1973, S c h l ic h te  1974, Cant 1977). A loua t ta  p i g r a , the 
species o f  howler found a t  T i k a l ,  have g e ne ra l ly  been observed in  lower 
d e n s i t i e s  than the p a l i a t t a  and v i 1losa species found in  o the r  areas. 
The low popu la t ion  de ns i ty  a t  T ika l  reduces the chances o f  in te r -g ro u p  
con ta c ts ,  and thus reduces the frequency o f  displacements t h a t  might
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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a f f e c t  fo rag ing  a c t i v i t i e s  w i th o u t  being d i r e c t l y  re la te d  to  energy 
u t i l i z a t i o n .
Another b e n e f ic ia l  fe a tu re  o f  T ika l  as a study s i t e  i s  t h a t  there  
are on ly  two species o f  primates in  the area,  howler monkeys and sp ide r  
monkeys (Ate les g e o f f r o y i ) .  The occurrence o f  on ly  two primate species 
is  t y p ic a l  o f  Central American fo re s ts  north  o f  Honduras. I n t e r ­
s p e c i f i c  con tac t  was not f req ue n t ,  thus few instances o f  displacement 
occurred. Although sp ide r  monkeys do o cca s io na l ly  chase howlers from 
feeding t r e e s ,  in  general i t  seems th a t  howlers are seldom a c t i v e l y  
d is tu rbed  by o ther  mammalian species a t  T i k a l .  Once again, l i k e  i n t e r ­
group con tac ts ,  the low frequency o f  i n t e r s p e c i f i c  con tac t  means th a t  
the fo rag ing  behavior t h a t  was observed dur ing my study a t  T ika l  was a 
response to food parameters, and not clouded by behavioral i n t e r ­
a c t io n s .  (The above statement does not mean th a t  displacement due to  
i n t e r s p e c i f i c  com pet i t ion  f o r  resources is  t o t a l l y  absent. Once dur ing 
t h i s  s tudy,  co a t is  ( Nasua nasua) were observed feeding in  the same 
t r e e ,  on the same food, as our howler group.)
A t h i r d  advantageous t r a i t  o f  T i k a l ' s  howler popu la t ion f o r  a 
study o f  t h i s  nature ,  is  i t s  low d ie ta r y  d i v e r s i t y .  A la rge  p ropo r t ion  
o f  the howler d i e t  in  t h i s  area cons is ts  o f  the f r u i t ,  seeds, and 
leaves o f  one t re e  spec ies,  Brosimum a l i c a s t r u m , commonly known as 
ramon. This  c o n d i t io n  led to  the s i m p l i f i c a t i o n  o f  species i d e n t i f i ­
ca t ion  w i t h in  a p a r t i c u l a r  fo rag ing  area.
F in a l l y ,  in  terms o f  data r e t r i e v a l ,  the small cohesive group 
s t r u c tu re  o f  howlers i n  t h i s  area f a c i l i t a t e d  the c o l l e c t i o n  o f  data 
in  the f i e l d .  (Our howler group cons is ted o f  f i v e  an ima ls . )  Fu r the r ­
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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more, howlers a t  T ika l  have been hab i tua ted to the presence o f  humans 
by the many t o u r i s t s  v iewing the ru in s ,  but are n e i th e r  fed nor o th e r ­
wise d is tu rbed  in  a way th a t  would bias fo rag ing  data.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I  
BACKGROUND DATA
Descr ip t ion  o f  the Study S i te
T ik a l  i s  a major t o u r i s t  a t t r a c t i o n  in  Guatemala. I t  i s  located 
in  the Northern h a l f  o f  El Peten, the department comprising the 
northern p o r t io n  o f  Guatemala (F ig .  1 ) .  The na t iona l  park i t s e l f  
cons is ts  o f  a 24X24 km square, centered on a major Maya ceremonial 
cen te r .  Part  o f  the ru in s  were excavated and res to red  by the U n ive rs i ty  
o f  Pennsylvania dur ing the 1950s and 1960s. Access to the park v ia 
roads i s  d i f f i c u l t ,  e s p e c ia l l y  dur ing  the ra in y  season. T ou r is ts  are 
f lown i n to  the ru in s  d a i l y  from Guatemala C i ty .
The t e r r a i n  o f  the park is  va r ied .  The major temples are located 
on the h ighes t  r idge  systems in  the area (e le v a t io n  about 250 m).
These l imestone r idges are f a i r l y  w e l l -d ra in e d  and are in terconnected 
by lo w - ly in g  f l a t  areas termed bajos (Cant 1977). Because o f  the 
s t r u c tu re  o f  the l imestone fo rm at ion  in  t h i s  area, the re  are no streams 
or na tu ra l  lakes a t  T i k a l .
Vegetat ion
Researchers working in  the T ika l  area have c la s s i f i e d  i t  as 
f a l l i n g  w i t h i n  the l i f e  zone o f  T rop ica l  Dry Forest (Holdr idge 1967). 
W i th in  t h i s  zone a t  T i k a l ,  the re  are three d i s t i n c t  p lan t  communities. 
This  study was conducted in  and around the cen t ra l  ru ins  complex
5
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(F ig .  2 ) ,  where the vege ta t ion  type is  Upland Fores t ;  t h i s  is  d i s t i n c t  
from the o the r  two p la n t  assoc ia t ions  a t  T i k a l ,  escobal and t i n t a i . 
Upland Forest communities e x i s t  on w e l l -d ra in e d  r id g e s .  Escobal and 
t i n t a l  though d i s t i n c t  from each o the r  i n  major species composit ion,  
are both found in  less w e l l -d ra in e d  areas ( b a jo s ) ♦ Both escobal and 
t i n t a i  de r ive  t h e i r  names from c h a r a c t e r i s t i c  species found in  the 
area; escobal r e fe rs  to  a small armed palm Cryosophila argentea, and 
t i  n ta l  to  a hardwood t r e e ,  Haematoxylum campechianum (Cant 1977).
Upland Forest i s  the predominant vegeta t ion  type a t  T i k a l ,  
compris ing 55% o f  land area. Escobal and t i  n ta l  represent 29% and 
16% re s p e c t iv e ly  (Cant 1977). During t h i s  s tudy,  howlers were seen 
to  u t i l i z e  on ly  Upland Forest  in  t h e i r  fo rag ing  a c t i v i t y .  They were 
observed to  t ra v e l  through what could probably be termed "marg ina l"  
or  " t r a n s i t i o n a l "  escoba l , but were not seen to  u t i l i z e  any resources 
from t h i s  area.
In  h is  survey o f  Upland Forest a t  T i k a l ,  Cant (1977) i d e n t i f i e d  
62 t re e  species. F ie ld  specimens were i d e n t i f i e d  by using Pennington 
and Sarukhan's p la n t  key, Arboles T rop ica les  de Mexico (1968). Two 
species predominate in  basal area; Brosimum a l i c a s t r u m , l o c a l l y  known 
as ramon, comprises 20.8% o f  the t o t a l  basal area, and Spondias mombin 
8.5%. Basal area, a t  le a s t  f o r  t h i s  kind o f  research, provides a 
"usefu l  and p r a c t i c a l  approximation o f  how importan t  trees are"
(Cant 1977:39). Brosimum also predominates num er ica l ly .
Cl imate
The lowlands o f  Guatemala have d i s t i n c t  annual wet and dry 
seasons. At  T ika l  the m a jo r i t y  o f  p r e c ip i t a t i o n  f a l l s  dur ing the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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months o f  May through November. The mean annual r a i n f a l l ,  f ig u re d  from 
s ix  years o f  complete p r e c ip i t a t i o n  data (1960-1962 and 1966-1968), i s  
1376 mm (Cant 1977:28).  During these s ix  yea rs ,  the percentage o f  
annual p r e c ip i t a t i o n  t h a t  f e l l  dur ing the wet season var ied  from 
78% to  83%.
Temperatures are h ighest  dur ing the wet season, and showers may 
be expected each a f te rnoon .  The q u a n t i t y  o f  f o l i a g e  is  g rea tes t  dur ing 
the middle o f  the wet season, a f t e r  many t rees  have f lowered and have 
mature leaves.
The dry  season cont inues from December through A p r i l .  Tempera­
tu res  are ge n e ra l ly  m i lde r  dur ing t h i s  pe r iod ,  and o f  course the 
humid ity  i s  much lower than dur ing the wet season. Toward the end o f  
the dry season, many species begin to f low e r  and to  produce f r u i t  and 
new leaves.
Mammalian Species
Beside the two species o f  pr imates,  there  is  a v a r i e t y  o f  small 
and la rge  mammals a t  T i k a l .  Faunal species composit ion is  t y p ic a l  o f  
the Peten region (Murie 1935). Several o f  the f e l i d s  found a t  T ika l  
may be predators o f  howler monkeys ; these inc lude :  jaguar  ( Pel is  onca) ,  
puma (£. con co lo r ) , yaguaroundi (£.  yaguaroundi ) ,  o ce lo t  (F_. p a r d a l i s ) , 
and the margay cat (F̂ . w ie d i i  ) .  The tay ra  ( E ira  barbara) ,  a la rge  
w e a s e l - l i k e  animal may a lso molest pr imates a t  T ika l  (D e f ie r  1979). 
Howlers in  o ther  areas have been observed to  respond de fens ive ly  to 
v isu a l  s t im u l i  from the a i r ,  i . e . ,  passing shadows, e tc .  I t  may be 
t h a t  some o f  the la rg e r  rap to rs  a lso  rep resen t  a predatory th re a t  to 
immature animals.
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Howler Background— C la s s i f i c a t i o n  
and D i s t r i b u t i o n
Howlers belong to  the fa m i ly  Cebidae, the la rg e s t  fa m i ly  o f  
South and Central American monkeys, which excludes on ly  the marmosets 
and tamarins (Napier 1967). Male howlers weigh between s ix teen and 
twenty pounds, females between twelve and eighteen pounds. Howlers 
are considered to  be quadrupeds, bu t  they use t h e i r  p rehens i le  t a i l s  
f o r  ex tra  s t a b i l i z a t i o n  when t r a v e l in g  between t ree s .  Howlers also 
suspend themselves by t h e i r  t a i l s  to  reach e lu s ive  food sources.
I t  i s  easy to i d e n t i f y  the sex o f  a d u l t  howlers. Males have a 
very la rg e ,  y e l lo w is h -w h i te  scrotum th a t  con tras ts  g re a t ly  w i th  t h e i r  
dark f u r .  Female g e n i ta ls ,  a l though s im i l a r  to the males in  c o lo r ,  
are easy to d i s t i n g u is h .
A1ouatta species (howlers) are w ide ly  d i s t r i b u te d  throughout 
Central and South America, in  coasta l  and in land t r o p ic a l  f o r e s t  areas. 
A loua t ta  p iq ra  Lawrence, fo rm er ly  considered a subspecies o f  A loua t ta  
p a l l i a t a  has been designated a d i s t i n c t  species by Smith (1970). Smith 
makes t h i s  d i s t i n c t i o n  based upon in te r -g ro u p  d i f fe ren ces  in  c ran ia l  
measurements, molar s iz e ,  body we igh t ,  pelage, and h a b i ta t  preference. 
A loua t ta  p ig ra  in h a b i ts  the t r o p i c a l  fo re s ts  o f  Northern Guatemala, 
B e l ise  and Southern Mexico. "Whereas p igra  seems to  p re fe r  extensive 
undis turbed and mesic f o r e s t ,  p a l i a t t a  apparen t ly  th r iv e s  in  less 
ex tens ive ,  subclimax o r  secondary f o r e s t ,  which a lso may be somewhat 
x e r i c  in  na ture"  (Smith, 1970:365). A. p igra  and a subspecies o f  
A. p a l i a t t a  (^ .  £ .  mexicana) occur s y m p a t r ic a l ly  in  Tabasco, Mexico.
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Anatomy/Physiology
Howlers have t r a d i t i o n a l l y  been c l a s s i f i e d  as le a f - e a t in g  
s p e c ia l i s t s ,  the New World "analogues" o f  Old World spe c ia l ize d  
f o l i v o r e s ,  the colob ines and i n d r i i d s .  I t  does not appear t h a t  howlers 
possess the t y p ic a l  anatomical and ph ys io lo g ica l  c h a r a c te r i s t i c s  o f  the 
Old World f o l i v o r e s :  i . e .  saccula ted stomachs; enlarged caecums and 
colons; and s p e c ia l iz e d ,  abundant ba c te r ia  t h a t  a id  in  the breakdown o f  
f ib ro u s  p la n t  m a te r ia ls .  According to  M i l to n ,  " . . .  thus f a r  there 
i s  l i t t l e  morphological evidence to  support the view th a t  i t  (howlers) 
can be considered a f o l i v o r e  in  the same sense as colobines and 
i n d r i i d s "  (1978:537).  M i l to n  suggests t h a t  howlers are "behavioral 
f o l i v o r e s , "  meaning t h a t  they possess c e r ta in  behavioral adaptat ions 
t h a t  enable them to  s u cce ss fu l ly  u t i l i z e  la rge  q u a n t i t ie s  o f  otherwise 
lo w -q u a l i t y  foods.
Socia l Organ iza t ion
Estimates o f  group s ize  in  howlers vary from d i f f e r e n t  areas.  
Chivers (1969) gives the fo l lo w in g  l i s t  o f  average group sizes from 
several d i f f e r e n t  s tud ies  conducted on Barro Colorado Is land ( B . C . I . ) ,  
Panama Canal Zone.
1951 (Col l i a s  and Southwick) Average group s ize  = 10.25
1959 (Carpenter 1962) Average group s ize = 20.00
1967 (Chivers) Average group s ize  = 12.80
M i l t o n 's  (1978) two study groups from B .C . I .  each consis ted o f  
seventeen animals. I t  i s  c le a r  from these f ig u re s  t h a t ,  even in  a 
ra th e r  conf ined area, howler group s ize  va r ies  cons iderab ly .  From his 
Costa Rican study s i t e ,  Glander (1975) reported two groups, one
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c o n s is t in g  o f  t h i r t e e n  animals ,  the o th e r  o f  t h i r t y - s i x  animals. The 
animals on B .C . I .  as w e l l  as those a t  S lander 's  s i t e ,  belong to  the 
species p a l i a t t a . A loua t ta  sen icu ius has been observed in  small 
groups in  Venezuela ( N e v i l l e  1976). Of nineteen troops censused in  
1970, the average group s ize  was 7 .7 ;  in  1972 the average group s ize  
ca lcu la te d  from nineteen groups was 8 .6 .
Researchers a t  T ika l  have c o n s is te n t l y  reported small group sizes 
f o r  howlers,  and low o v e ra l l  popu la t ion  d e n s i t ie s .  Coelho e t .  a l .  
(1976) repor ted  fo u r  groups o f  howlers in  and around the c e n t ra l  
ru ins  complex: two m u l t i -m a le  groups and two one-male groups. Tota l  
howler popu la t ion  a t  T ika l  dur ing  the t ime o f  Coelho's study was 
est imated a t  tw e n ty - f i v e  animals. There were no more than seven and no 
fewer than s ix  animals in  each group. In 1974, S ch l ich te  (1978) 
observed on ly  two groups in  the same area: one m u l t i -m a le  group w i th  
seven an imals,  and one s ing le -m a le  group c o n s is t in g  o f  fo u r  animals.
During our study a t  T i k a l ,  we determined the composit ion o f  only  
two howler groups, both o f  which could be termed "monogamous" as they 
contained on ly  one a d u l t  male and one a d u l t  female. S o l i t a r y  male 
howlers were observed by S ch l ich te  in  1974, and a lso dur ing the summer 
o f  1978. These may have been young a d u l t  males d ispers ing  from t h e i r  
nata l  groups.
On the whole, howler so c ia l  groups are f a i r l y  cohesive. The 
animals t r a v e l  toge the r  throughout t h e i r  home range, fo rag ing  in  c lose 
p ro x im i ty  to one another.  More o f ten  than no t ,  a l l  f i v e  animals o f  our 
group were observed feeding in  the same t r e e .  Glander reported th a t
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his s tudy group o f  t h i r t y - f i v e  animals sometimes broke up in to  sub­
groups o f  twenty-seven and e ig h t  animals to  fo rage .
A c t i v i t y  Budgets
Howlers are ra th e r  l e th a r g i c  animals .  During 65% of  our 
observa t ion  t ime,  the group was in a c t iv e  (Cunningham in  p re p a ra t io n ) .  
This i s  con s is ten t  w i th  rep o r ts  from o th e r  s i t e s :  66% time spent in  
i n a c t i v i t y  a t  T ik a l  du r ing  S c h l i c h te 's  1974 s tudy,  64% in  Costa Rica 
(Glander 1975), and 59% on B .C . I .  (Chivers 1969). I t  has been 
suggested by M i l ton  (1978) t h a t  the low a c t i v i t y  leve l  o f  howlers i s  a 
behav iora l  adap ta t ion  to  a low q u a l i t y  d i e t ,  i . e .  one low in  a v a i la b le  
energy.
Table 1 is  from Cunningham's ana lys is  o f  a c t i v i t y  budgets f o r  our
group o f  howlers.  Nineteen percent o f  the a d u l t  female 's  t ime was
spent i n  feeding a c t i v i t y  whereas the t o t a l  feeding t ime o f  the a d u l t
male was on ly  f i f t e e n  percent.  The a d u l t  female fed f o r  more time
than the a d u l t  male on twen ty -n ine  o f  t h i r t y - t h r e e  days. " U t i l i z i n g
the t - t e s t ,  t h i s  day- to-day d i f fe re n c e  was s i g n i f i c a n t  a t  the .001
le v e l "  (Cunningham in  p re p a ra t io n ) .  The same sex -d i f fe re n ce  in  the
percent o f  a day spent feeding has been reported by C.C. Smith (1977)
from h is  s tudy o f  howlers on B .C . I .  This  appears to be a common
p a t te rn  among many pr imate species:
Males might be expected to feed f o r  less t ime per u n i t  o f  body 
weight  than females because (a) they do not in cu r  the costs o f  
pregnancy and la c ta t i o n .  This is  supported by d i f fe ren ces  in  
feeding time between females w i th  dependent o f f s p r in g  and those 
w i th o u t  (e .g .  Smith, Ch. 4 ) ;  (b) in  most species males are 
dominant to females and mainta in  p r i o r i t y  o f  access to the areas o f  
maximal food a v a i l a b i l i t y ;  (c) they tend to feed fa s te r  than 
females . . . (C lu t ton -B rock  1977:545).
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TABLE 1
ACTIVITY BUDGETS-PERCENT TIME SPENT IN MAJOR ACTIVITIES DURING DAYLIGHT HOURS 
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Not a l l  i n v e s t ig a to rs  have looked f o r  t h i s  k ind o f  d i f fe re n c e  in  t h e i r  
analyses o f  howler a c t i v i t y  budgets. In  some s tud ies  the s e le c t io n  o f  
sampling procedure has been based upon the assumption t h a t  howlers 
"perform most a c t i v i t i e s  as a u n i t "  (M i l to n  1978:539).
Home Range
A major problem in  determin ing home range est imates is  t h a t  there 
are several d i f f e r e n t  methods, and the method o f  c a l c u la t io n  is  o f te n  
not s p e c i f ie d  by the researcher.  This makes comparison o f  re s u l t s  from 
d i f f e r e n t  s tud ies  d i f f i c u l t .  One method o f  c a lc u la t in g  home range is  
to  form a boundary l i n e  by connecting several pe r iphera l  p o in ts ,  and 
then es t im a te  the area in s id e  the boundary. A problem w i th  t h i s  method 
is  t h a t  in c lu s io n  o f  a l l  o u t ly in g  areas may g re a t ly  increase the t o t a l  
es t imate o f  home range.
Home range est imates f o r  t h i s  s tudy were a r r iv e d  a t  by counting 
the number o f  one-hectar squares the howler group passed through dur ing 
the f i f t y - s i x  days o f  the study. This method re s u l t s  in  an est imate 
th a t  is  g rea te r  than the actual area u t i l i z e d  by the howlers f o r  fo rage ,  
s ince i t  inc ludes some area used on ly  f o r  t r a v e l i n g .  However, t h i s  
method would seem to produce less e r r o r  in  the est imate than the f i r s t  
technique discussed.
I t  should be noted t h a t  an an im a l 's  home range is  l i k e l y  to 
change w i th  the season. I t  a lso  may "expand and co n t ra c t  over a 
per iod  o f  years in  response to changes in  popu la t ion  d e n s i ty ,  amount 
and type o f  food a v a i l a b le ,  and the l i k e  . . . "  (Harding 1973:967). 
Therefore comparisons o f  the est imates made here should be l i m i t e d  to 
those made w i th  wet season home range est imates from o ther  study s i t e s .
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During the f i f t y - t h r e e  days o f  study a t  T i k a l ,  the home range o f  
our study group was approx imate ly  fo r ty -se ve n  hectars ,  S ch l ich te  
repor ted  a home range o f  c lose to  one hundred hectars dur ing h is  fo u r -  
month study a t  T i k a l .  Both these est imates are much g rea te r  than the 
home ranges repor ted  f o r  howlers in  o the r  areas. For example a t  
G lander 's  study s i t e  in  Costa Rica, the t o t a l  home range was only 
9.9 ha over the per iod o f  a year.
In ter-Group Spacing
One o f  the d i s t i n c t i v e  fea tu res  o f  howler " s o c ie ty "  i s  the 
roa r in g  or v o c a l iz a t io n s  th a t  occur when two groups o f  howlers are in  
c lose p ro x im i ty  to one another.  I t  is  f a i r l y  l i k e l y  th a t  the home 
ranges o f  any two howler groups w i t h in  a given area w i l l  over lap on the 
pe r iphery .  I t  has been suggested th a t  when the a d u l t  animals o f  two 
d i f f e r e n t  groups roa r  a t  each o th e r ,  in  e f f e c t  they are n o t i f y i n g  each 
o the r  o f  t h e i r  lo c a t io n s .  Roaring can be said to serve as an inexpen­
s ive  spacing mechanism, s ince l i t t l e  energy is  needed to  voca l ize  and 
make one's presence known (Carpenter 1934, Chivers 1969).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I I
SELECTED REVIEW OF THE LITERATURE 
CONCERNING HOWLER ECOLOGY
In a general sense, t h i s  th e s is  f a l l s  in  the category o f  opt imal 
fo rag ing  research (Pyke e t  a l .  1977). In a l l  such s tud ies researchers 
attempt to  i d e n t i f y  the methods by which animals balance the energy 
cos t  o f  ob ta in in g  food w i th  the energy they rece ive  from food 
resources. Many opt imal fo rag ing  s tud ies  are formulated as mathe­
m at ica l  models, t h i s  research does not f i t  such a d e s c r ip t io n .  An 
at tempt has been made to descr ibe the fo rag ing  s t ra tegy  employed by 
one group o f  howlers in  terms o f  several aspects o f  t h e i r  d i e t  and 
behavior.
I t  seems imposs ib le  to  take in to  cons ide ra t ion  a l l  environmental 
requirements,  l i m i t a t i o n s ,  e t c . ,  imposed upon an animal th a t  would 
d i c t a t e  energy a v a i l a b i l i t y .  Nonetheless i t  i s  poss ib le  to e lu c id a te  
the eco log ica l  parameters ope ra t ing  on a p a r t i c u l a r  species, by 
breaking research in to  small manageable pieces. In a review o f  
opt imal fo rag ing  s tu d ie s ,  Pyke e t  a l .  (1978) i d e n t i f i e d  fo u r  to p ic  
areas:
1. Choice by an animal o f  which food types to eat.
2. Choice o f  which food patch type in  which to  feed.
3. Optimal a l l o c a t i o n  o f  t ime to  d i f f e r e n t  patches.
4. Optimal pa t te rns  and speed o f  movement.
17
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The present research is  a study o f  choice o f  food types,  and to some 
e x te n t ,  opt imal pa t te rns  and speed o f  movement.
The fo l lo w in g  is  a review o f  the major eco log ica l  s tud ies  
conducted on howler monkeys, and p e r t in e n t  s tud ies  o f  general eco lo­
g ic a l  theory .  Each in  i t s  own way co n t r ib u te s  in fo rm a t ion  about the 
fo rag ing  s t ra te g ie s  o f  howlers s p e c i f i c a l l y  and, u l t im a te l y ,  o f  
pr imates in  genera l .
One way o f  e lu c id a t in g  the fo rag ing  s t ra te g y  o f  a p a r t i c u l a r  
species is  to  cons ider the kinds o f  foods th a t  they consume. By 
look ing  a t  the d ie ta r y  p ropo r t ions  o f  howlers from d i f f e r e n t  study 
s i t e s ,  i t  i s  obvious t h a t  the re  is  a wide range o f  e x p lo i t a t io n  w i th in  
and between A loua t ta  species.  One general statement t h a t  can be made 
concerning howlers is  t h a t  they u t i l i z e  la rge  q u a n t i t ie s  o f  " low- 
q u a l i t y "  foods. L o w -q ua l i ty  foods are those th a t  have l i t t l e  
n u t r i t i o n a l  va lue, o r  those th a t  conta in  substances th a t  e i th e r  
i n t e r f e r e  w i th  a s s im i la t io n  o f  n u t r ie n ts  or are t o x i c  to the animal 
consumer.
In  the past,  researchers have compiled percentages o f  the kinds 
o f  p la n t  p a r t  u t i l i z e d  (Smith 1977, Glander 1975), as we l l  as 
percentages o f  the species u t i l i z e d .  I t  i s  important  to  know what 
species o f  p la n t  are being u t i l i z e d  by a consumer, since d i f f e r e n t  
pa t te rns  r e f l e c t  d i f f e r e n t  fo rag ing  s t r a te g ie s .  G enera l is t  he rb ivo res ,  
those animals t h a t  use many d i f f e r e n t  species o f  p lan ts  in  t h e i r  d ie t s ,  
are u t i l i z i n g  a very d i f f e r e n t  s t ra te g y  than s p e c ia l i s t s ,  animals th a t  
use one o r  a r e s t r i c t e d  number o f  species in  t h e i r  d i e t .
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Howlers are considered to be g e n e r a l i s t  he rb ivo res ,  but the 
r e s u l t s  from d ie ta r y  analyses are mixed. Two o the r  s tud ies  o f  an 
eco log ica l  nature have been c a r r ie d  out  a t  T ika l  previous to  my 1978 
study.  Coelho (1976) recorded the amount o f  t ime spent feeding on 
d i f f e r e n t  species by sp ide r  and howler monkeys a t  T i k a l .  U n fo r tu ­
n a te ly ,  Coelho d id  not separate the d i e t  o f  howlers from the d i e t  o f  
sp ide r  monkeys, so t h a t  h is  data cannot be d i r e c t l y  compared w i th  the 
r e s u l t s  from t h i s  study.  One th in g  th a t  can be in fe r re d  from the
re s u l t s  o f  Coelho's study is  t h a t  the re  is  a high s ing le -spec ies
dependency a t  T i k a l .  E ig h ty - s ix  percent o f  the food consumed consis ted 
o f  some p a r t  o f  ramon, Brosimum a l ic a s t ru m . Sch l ich te  d e a l t  on ly  w i th
howler monkeys dur ing  h is  four-month study. During t h i s  t ime,  87.5% o f
the howler d i e t  cons is ted o f  ramon, in c lu d in g  f r u i t s ,  leaves and buds 
(S c h l ic h te  1978). During my study,  67% o f  the howler d ie t  consis ted 
o f  d i f f e r e n t  par ts  o f  ramon ( f r u i t ,  seeds, and leaves) .
From in fo rm a t io n  o f  t h i s  kind ( d ie ta r y  p ro p o r t io n s ) ,  one can 
i n t e r p r e t  in  a general sense the kind o r  q u a l i t y  o f  n u t r ie n ts  (energy) 
a v a i la b le  to  howlers, and make a statement concerning s t ra te g ie s  o f  
o p t im iz a t io n .
Besides cons ider ing  d ie t a r y  p ro po r t ion s ,  researchers have been 
in v e s t ig a t in g  c e r ta in  aspects o f  herbivorous d ie ts  th a t  l i m i t  the 
a s s im i la t io n  o f  energy from foods. For example, Janzen (1978) has 
documented the ex is tence o f  chemical components in  the leaves o f  some 
p la n t  species th a t  ac t  to  discourage l e a f  p reda t ion .  Because the 
s u rv iv a l  o f  an in d iv id u a l  p la n t  depends upon i t s  a b i l i t y  to t ra p  
energy through photosynthes is ,  the loss o f  la rge  q u a n t i t ie s  o f  leaves
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( the  medium o f  photosynthes is)  would be d e le te r io u s .  Glander (1975)
po in ts  ou t  t h a t ,  f o r  herbivorous pr imates,  there are many to x ic
compounds th a t  l i m i t  access to  energy:
The secondary substances which the p lan ts  have evolved as 
defences aga ins t  herb ivores may be o f  c r i t i c a l  importance both to 
the in d iv id u a l  animals and to group soc ia l  behavior.  The a c t io n  
o f  these p la n t  to x in s  may be d i r e c t  as i l l u s t r a t e d  by the r a t  
poison made from the bark and leaves o f  G l i r i c id e a  sepium. Or, 
i t  may be i n d i r e c t  in  the manner o f  tan n in s ,  as found in  mature 
oak leaves, which bind p ro te in s  in to  i n d ig e s t i b le  complexes . . . 
(Glander 1975:54).
The presence o f  tox ins  in  food necess i ta tes an ene rgy-cos t ly  
process o f  d e t o x i f i c a t i o n .  Thus in  a d d i t io n  to  the costs o f  f i n d in g  
food ( i . e .  t r a v e l i n g  to  a food patch, e t c . ) ,  once an animal a c tu a l l y  
ingests  the food, i t  must pay an a d d i t io n a l  energy cost in processing 
out  n u t r ie n t s  and dea l ing  w i th  the to x in s  in  i t s  system. U l t im a te ly ,  
what the conclus ions o f  Glander and o ther  researchers lead to  is  the 
r e a l i z a t i o n  th a t  the vast  sea o f  greenery in  a h e rb ivo re 's  environment 
i s  not a l l  e d ib le .
This  kind o f  i n t e r p r e ta t i o n  is  very d i f f e r e n t  from th a t  o f  
e a r l i e r  researchers. For example, Coelho e t  a l .  (1973) mainta in 
th a t  the environment o f  T ik a l  has the p o te n t ia l  to  support 8,500 
monkeys per km^, based upon the ca lcu la ted  c a lo r i c  value o f  a v a i la b le  
food. The actual popu la t ion  o f  monkeys (sp iders  and howlers) dur ing 
t h e i r  study was est imated a t  f i f t y  monkeys per km^. Thus, when 
look ing  on ly  a t  the amount o f  a v a i la b le  "green" volume, and t ra n s ­
l a t i n g  t h i s  i n to  a v a i l a b le  c a lo r i e s ,  Coelho e t  a l .  would say th a t  
food a v a i l a b i l i t y  does not l i m i t  popu la t ion .  (An adequate exp lana t ion  
f o r  the  low popu la t ion  d e ns i ty  o f  howler monkeys a t  T ika l  has not y e t  
been o f f e r e d . )
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According to  Janzen (1978b), whether o r  not an animal can inges t
p la n t  pa r ts  o f  a g iven species:
depends on the c o n d i t io n  o f  the an imal,  the dose, the past 
experience o f  i t ' s  in d u c ib le  enzyme systems w i th  the compound 
o r  re la te d  compounds, the past experience o f  i t ' s  gut micro­
f l o r a  w i th  t h a t  compound, the simultaneous in g e s t ion  o f  syner­
g i s t s  o r  an tagon is ts  o f  the secondary compound, the tasks to  
be asked o f  the an im a l 's  d e t o x i f i c a t i o n  system and o f  the animal 
in  the immediate f u t u r e ,  the expecta t ions o f  the animal f o r  the 
l a t e r  use o f  the h a b i t a t ,  the use o f  the secondary compound as a 
medicine and the use o f  the secondary compound as a scent marker 
o r  pheromone (Janzen 1978b:80-81 ) .
M i l to n  (1978) has descr ibed howlers as being "behav io ra l "  
f o l i v o r e s ,  t h a t  i s  they have no sp e c ia l ize d  anatomical fea tu res  th a t  
enable them to  process la rg e  q u a n t i t i e s  o f  foods high in  f i b e r  and 
r e l a t i v e l y  low in  n u t r i e n t s .  Rather they possess c e r ta in  behaviora l  
adapta t ions  t h a t  a l low  them to  succe ss fu l ly  u t i l i z e  lo w -q u a l i t y  d ie t s .  
For example:
(1) a p e r s is te n t ,  re g u la r  pa t te rn  o f  d a i l y  i n a c t i v i t y ,  (2) use o f  
high energy foods when a v a i l a b le ,  (3) an extremely e f f i c i e n t  
system o f  food lo c a t io n ,  (4) body postures to  conserve or 
d is s ip a te  heat,  and (5) a " d i v i s i o n  o f  la bo r "  between ad u l t  male 
and female howlers which could reduce energy demands on females 
and enable them to  in v e s t  more energy in  reproduct ion (M i l to n  
e t  a l .  1979:374).
Glander a lso  descr ibes a kind o f  behavior th a t  may b e n e f i t  
howlers in  deal ing w i th  c e r ta in  aspects o f  t h e i r  d i e t ,  namely p la n t  
t o x in s .  During the wet season, there i s  a la rge  amount o f  food 
a v a i la b le  to  howlers in  the form o f  mature leaves. " . . .  though 
the wet season appears to  be a t ime o f  food abundance, i t  may 
a c tu a l l y  be a t ime o f  s t ress  s ince most o f  what i s  a v a i la b le  are 
mature leaves, a t re e  p a r t  w i th  la rge  amounts o f  to x in s "  (Glander 
1978:572).
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Howlers may be coping w i th  t h i s  s t ress  by d r in k in g  from arboreal 
water sources du r ing  the wet season, a behavior not observed dur ing the 
dry season when young leaves are more p re va len t .  Glander suggests 
t h a t  the wet season d i e t  o f  mature leaves necess i ta tes la rge  amounts 
o f  water to  f lu s h  to x in s  from the system. During the dry season, when 
many new leaves are a v ia la b le ,  the to x in  load is  decreased, and enough 
water may be obta ined d i r e c t l y  from the food source to  handle the t o x ic  
s t re ss .
From her long-te rm  study o f  howler monkeys on B . C . I . ,  M i l to n  
(1979) has tes ted  several elements th a t  might in f lu e n ce  le a f  choice 
among howlers. I t  i s  o f ten  the case th a t  he rb ivo res ,  when given the 
choice between mature and immature leaves, w i l l  eat the young leaves.  
Howlers on B .C . I .  f o l l o w  t h i s  general p a t te rn .  The fo l lo w in g  is  a l i s t  
o f  the hypotheses th a t  might account f o r  the se le c t io n  o f  immature 
leaves :
1. Young leaves con ta in  more p ro te in  than mature leaves, or  
con ta in  more a v a i la b le  p ro te in  ( a f t e r  the e f fe c ts  o f  
d i g e s t i b i l i t y - r e d u c in g  secondary compounds).
2. Young leaves con ta in  less f i b e r  than mature leaves, which 
would make them more d i g e s t i b l e  and would a lso  imply th a t  
howlers could eat more o f  them w i th in  a given period o f  t ime 
( i . e . ,  the l i m i t  on the in ta ke  o f  young leaves would be 
h ig h e r ) .
3. Young leaves con ta in  less to x in s  than mature leaves. (As 
def ined by Rhoades and Cotes 1976, tox in s  are substances 
which ac t  in  metabo l ic  processes t h a t  are t o p o lo g ic a l l y  
in te rn a l  to  the herb ivore  whereas d i g e s t i b i l i t y - r e d u c in g  
substances ac t  w i t h in  the gut o f  the herb ivore  to  reduce the 
a v a i l a b i l i t y  o f  p la n t  n u t r i e n t s ) ,
4. Young leaves con ta in  more n o n -s t ru c tu ra l  carbohydrates than 
mature leaves,  p a r t i c u l a r l y  s imple sugars t h a t  are ra p id ly  
d igested.
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5. More than one o f  the above fa c to rs  determine the preference 
o f  howlers f o r  young leaves (M i l to n  1979:365}.
I t  appears th a t  s ince howlers are r e l a t i v e l y  small he rb ivo res ,
w i th  no sp e c ia l ize d  d ig e s t i v e  fe a tu re s ,  they cannot process s u f f i c i e n t
q u a n t i t i e s  o f  foods high in  f i b e r  to meet t h e i r  n u t r i t i o n a l  needs.
Instead o f  r e l y in g  on mature leaves,  they must be more s e le c t iv e  in
t h e i r  food search pa t te rns  and seek ou t  young leaves.
Given t h e i r  small s ize  ( f o r  a mammalian h e rb ivo re ) ,  t h e i r  lack o f  
ex tens ive areas f o r  fe rm en ta t ion  in  the fo re gu t  or h indgut,  and 
the r e l a t i v e l y  low p ro te in  content o f  most o f  the leaves 
analyzed, howlers apparen t ly  must be very s e le c t i v e  in  t h e i r  l e a f -  
ea t ing  in  o rder  to  main ta in  n i t rogen  balance. But t h i s  s e l e c t i v i t y  
must re q u i re  howlers to  spend more energy in  food search than 
otherw ise (M i l t o n  1979:374).
M i l to n  suggests t h a t  howlers need a d i e t  t h a t  provides adequate 
p ro te in  w h i le  being r e l a t i v e l y  low in  f i b e r .  Also needed are f r u i t s  
or  o ther  foods high in  so lub le  carbohydrates, o r  ready energy. By 
using f r u i t  to  "su bs id ize "  the search f o r  young leaves ( r e l a t i v e l y  low 
in  f i b e r / h i g h  in  p r o t e in ) ,  howlers o f f s e t  the energy requirements o f  
the food search.
I f  the d i s t r i b u t i o n  o f  " f r u i t "  resources is  such th a t  a great 
deal o f  t ime and energy are requ ired  to f i n d  the food, then the energy 
u l t im a t e l y  der ived from the resource is  negated by search cos ts .  In 
such cases, howlers may eat la rge  amounts o f  mature leaves. Even 
though t h i s  kind o f  d i e t  provides less a v a i la b le  energy, a balance is  
again achieved because less energy is  expended in  searching f o r  food. 
Mature leaves are easy to  f i n d .
The data from my f i e l d  study w i l l  be presented and discussed 
in  Chapter V, w i t h in  the t h e o re t i c a l  con tex t  presented in  t h i s  review 
o f  the l i t e r a t u r e .
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CHAPTER IV 
FIELD METHODS
The c o l l e c t i o n  o f  data in  the f i e l d  was in  p a r t  a compromise 
between environmental r e s t r i c t i o n s  and the need f o r  q u a n t i t a t i v e l y  
accurate measuring techniques. The environment o f  T i k a l ,  e s p e c ia l ly  
du r ing  the wet season, posed some very real l i m i t a t i o n s  on the k ind o f  
data t h a t  could be c o l le c te d .  Consequently, t h i s  research has gone 
through several stages o f  e v o lu t io n ,  from the idea l to  the rea l  and 
back to  a p o in t  in  between.
Two pr imary f i e l d  workers were invo lved  in  c o l l e c t i n g  data,
Ter i  Cunningham, a fe l l o w  M.A. degree candidate, and I .  Dr, John Cant 
and Earthwatch vo lun teers  from h is  p ro je c t  were extremely he lp fu l  in  
keeping t r a c k  o f  our study group when e i t h e r  Ter i  or  I were unable to 
f o l l o w  the monkeys.
During the i n i t i a l  weeks o f  the s tudy,  two groups o f  howlers were 
i d e n t i f i e d  in  the ce n t ra l  ru ins  area; these were designated as the 
"North"  and "South" groups. Both were monogamous and each consisted 
o f  f i v e  animals.  Since Ms. Cunningham's primary i n te r e s t  lay  w i th  
s o c ia l  behavior,  we decided to  use the "South" group in  our study 
because o f  i t s  d i v e r s i t y  in  terms o f  age and sex c lasses. The South 
group cons is ted  o f  an a d u l t  male, an a d u l t  female, a ju v e n i le  male and 
female, and an i n f a n t .  The North group cons is ted o f  one a d u l t  male, 
one a d u l t  female, and th ree  j u v e n i l e  males.
24
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Due to  the d i f f e r e n t  charac te r  o f  our research p ro je c ts ,  the 
sampling methods employed by each were also d i f f e r e n t .  Ms. Cunningham 
and I were c o l l e c t i n g  data f o r  each o th e r ,  thus two types o f  v a r ia b le s ,  
behav iora l  and e c o lo g ic a l ,  were being sampled a t  one time.
The f i e l d  day was d iv id e d  In to  morning and afternoon s h i f t s .
One o f  us began observa t ions  a t  approx imate ly  0600, fo l lowed howlers 
u n t i l  1200, a t  which t ime she was re l ie v e d  by the second f i e l d  worker.  
The person on the a f te rnoon s h i f t  stayed w i th  the animals u n t i l  they 
bedded down f o r  the evening, sometime between 1630 and 1800. The 
In d iv id u a l  who observed the animals in  the evening resumed the obser­
v a t io n  the fo l lo w in g  morning; thus we seldom had t ro u b le  lo c a t in g  the 
group In the morning. Most o f  the t ime the monkeys were found In the 
same t r e e ,  on the same branch as the previous evening. I f  the animals 
had to  be l e f t  In  an unusua l ly  remote area In the evening, the path out  
to the c e n t ra l  ru in s  was f lagged f o r  easy re tu rn  the fo l lo w in g  morning. 
By almost cont inuous daytime observa t ion o f  the study group, we 
accumulated approx imate ly  f i v e  hundred hours o f  observa t ion .
Due to the l im i t e d  v i s i b i l i t y ,  and the f a c t  t h a t  howlers tend to 
occupy the upper p o r t io n  o f  the f o r e s t  canopy, observat ions had to be 
c a r r ie d  out  w i th  b inocu la rs  (7X35 Bushne l ls ) .
Three major sampling methods were used: scan, fo ca l -a n im a l ,  and 
a d - l i b  sampling (Altmann 1974). Scan sampling re fe rs  to Instantaneous 
sampling conducted on groups o f  animals. Altmann def ines instantaneous 
sampling as a " technique In which the observer records an I n d i v id u a l ' s  
c u r re n t  a c t i v i t y  a t  prese lected moments in  t ime (e .g .  every minute on 
the minute throughout the day).  I t  Is  a sample o f  s ta te s ,  not events"
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(Altmann 1978:258). Scan samples were taken every f i v e  minutes to 
record the major a c t i v i t y  o f  each o f  the f i v e  members o f  the study 
group. For purposes o f  t h i s  s tudy,  major a c t i v i t i e s  were def ined as 
fo l lo w s :
Feeding--An animal engaged in  w i t h i n - t r e e  fo ra g in g .  Upon en te r ing  
a t r e e ,  an animal was considered to  be feeding i f  i t s  hand o r  
mouth was in  con tac t  w i th  a food i tem. A c t ive  searching was 
a lso  considered to  be p a r t  o f  feeding t ime. One feeding bout 
continued as long as there was no pause g rea te r  than three 
minutes, o r  u n t i l  the animal moved to  a d i f f e r e n t  t re e .
T ra v e l in g — D i re c t io n a l  movement w i th  a t  le a s t  two t r e e - t o - t r e e  
t r a n s i t i o n s  w i th  no pause g rea te r  than three minutes.
I n a c t i v e — Refers to  such a c t i v i t i e s  as auto-grooming, au to -p la y ,  and 
postura l  s h i f t s .  Does not inc lude  t ime spent in  three-minute 
pauses dur ing  t r a v e l i n g  or  feed ing.
Move— Movement between two po in ts  o r  lo c i  in  a s in g le  t r e e ,  or
movement between two t re e s .  This does not inc lude s h i f t s  made 
dur ing feeding bouts.
A1lo-grooming— Grooming between two o r  more animals.
E l im in a t io n - - U r in a t in g  o r  de feca t ing .
Roaring—V o ca l iza t io ns  made by the a d u l t  male, a d u l t  female, or 
ju v e n i l e  female, d i re c te d  a t  another group o f  howlers.
Sexual A c t i v i t y — A c t iv e  s o l i c i t a t i o n  and cop u la t io n .
Each a c t i v i t y  was assigned a code number. The in fo rm a t ion  gathered by 
the use o f  scan-sampling is  being used p r im a r i l y  by Ms. Cunningham 
in  her a n a lys is  o f  a c t i v i t y  budgets.
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The data f o r  my p a r t  o f  the study were c o l le c te d  by record ing
the fo ra g in g  a c t i v i t i e s  o f  one foca l  animal.  Focal animal sampling
is  de f ined by Altmann as:
. . . any sampling method in  which ( i )  a l l  occurances o f  
s p e c i f ie d  ( i n t e r ) a c t i o n s  o f  an i n d i v i d u a l ,  or  s p e c i f ie d  group o f  
i n d i v id u a l s ,  are recorded dur ing  each sample period and ( i i )  a 
record is  made o f  the leng th  o f  each sample period and, f o r  each 
foca l  i n d i v i d u a l ,  the  amount o f  t ime dur ing the sample th a t  i t  i s  
a c t u a l l y  in  view. Once chosen, a foca l  in d iv id u a l  i s  fo l low ed to 
whatever ex ten t  poss ib le  dur ing  each o f  h is  sample periods 
(Altmann 1978:242).
The idea l c o l l e c t i o n  o f  data would inc lude both the a d u l t  female 
and the a d u l t  male as foca l  sub je c ts ,  w i th  a continuous record o f  a l l  
t h e i r  a c t i v i t i e s .  Since t h i s  proved to  be im p ra c t ic a l ,  the a d u l t  
female was se lected as the foca l  animal.  This dec is ion  was based on 
the f a c t  t h a t  the rep roduc t ive  ro le  o f  the female requ ires g rea te r  
energy in p u t  than th a t  o f  the a d u l t  male. A lso ,  i t  would be i n  the 
male 's  best e vo lu t io n a ry  i n t e r e s t  not to  impede the energy-gather ing 
process o f  the female s ince by doing so he would be r e s t r i c t i n g  the 
f low  o f  energy to  his own o f f s p r i n g .  Simply s ta te d ,  i f  any in d iv id u a l  
animal would in f lu e n ce  the fo rag ing  a c t i v i t i e s  o f  a group, i t  would 
most l i k e l y  be the a d u l t  female.
For each feeding bout o f  the foca l an imal,  the fo l lo w in g  va r ia b le s  
were recorded:
1. Bout S t a r t  Time--Bouts began when the hand o r  mouth o f  the a d u l t  
female came in t o  con tac t  w i th  a food i tem , o r  when she was 
a c t i v e l y  searching f o r  food. The bout cont inued as long as there  
was no pause longer than th ree  minutes, o r  u n t i l  the animal 
moved from the t re e .
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2. Bout Stop Time— The time when the foca l  animal ceased feed ing in  a 
t r e e .  A lso ,  i f  the  a d u l t  female moved from one t re e  to another
w h i le  feed ing ,  a stop t ime would be recorded f o r  the bout in  the
f i r s t  t r e e ,  and a new s t a r t  t ime recorded f o r  the beginning bout
in  the second t re e .
3. Species o f  p la n t  being u t i l i z e d .
4. P lan t  p a r t  u t i l i z e d  ( i . e .  f r u i t ,  leaves, e t c . ) .
5. M a tu r i t y  o f  p la n t  p a r t  u t i l i z e d  (mature o r  immature).
The t rees in  which the a d u l t  female fed were numbered s e q u e n t ia l l y  
from the beginning o f  the s tudy,  t h e i r  species i d e n t i f i e d ,  and t h e i r  
diameter a t  breast  he igh t  (DBH) measured. This in fo rm a t ion  was recorded 
in  the f i e l d  and formed p a r t  o f  the data f o r  each feeding bout o f  the 
foca l  animal.  When po ss ib le ,  the d is tance between feeding t rees  was 
recorded by pacing. I f  the animals were moving very q u ic k l y ,  d istances 
were est imated,  e i t h e r  in  the f i e l d ,  o r  l a t e r  a f t e r  the numbered t rees 
had been p lo t te d  on a map. This in fo rm a t ion  was necessary f o r  ca lcu­
l a t i n g ,  d a i l y ,  weekly, and seasonal ranging pa t te rns .  A t y p ic a l  en t ry  
in  the f i e l d  notebooks f o r  foca l  animal sampling would appear as 
fo l lo w s :
08:31 A9 81 R#33, 2, 1 
Decoded, t h i s  means th a t  a t  08:31, the a d u l t  female began feeding in 
ramon t re e  number 33, on immature f r u i t .  During f i f t y - s i x  days o f  
ob se rva t ion ,  398 feeding bouts were recorded: however, not a l l  o f  these 
are complete bouts. For ins tance ,  in  some cases, e i th e r  the s t a r t  or  
s top times were missed. I f  p o ss ib le ,  these times were est imated by 
look ing  a t  the a c t i v i t y  recorded f o r  the foca l  animal dur ing the scan
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sample immediately preceding or fo l lo w in g  the feeding bout. This 
in fo rm a t io n  was noted in  the f i e l d  and l a t e r  added to  the t o t a l  i n f o r ­
mation re le v a n t  to  each feeding bout.
Howlers seem to  do q u i te  a b i t  o f  "snacking" o r  perhaps te s t in g  
o f  t h e i r  food (Glander 1978). For ins tance ,  dur ing a progress ion,  
they may take one b i t e  from a l e a f  o r  f r u i t ,  and almost immediately 
s p i t  ou t  the p a r t .  This  k ind o f  a c t i v i t y  should be considered pa r t  o f  
fo rag ing  behav io r ,  but i t  proved to be im p rac t ica l  to  record f u l l y  
dur ing our study. In o rder  to  de l in e a te  c le a r l y  between snacking 
a c t i v i t i e s  and actua l  feeding bouts, an a r b i t r a r y  l i m i t  had to  be set  
on the minimal leng th  o f  a feeding bout. The sh o r te s t  bout as def ined 
in  t h i s  study cannot be less than two minutes.
A d - l i b  sampling (Altmannn 1978) was used to record the occurrence
o f  in f re q u e n t  a c t i v i t i e s ,  i . e .  d r in k in g  from arboreal water sources,
ro a r in g ,  and sexual behavior.  Altmann (1978) de f ines data der ived from
t h i s  kind o f  sampling as:
the r e s u l t  o f  unconscious sampling dec is ions ,  o f ten  w i th  the 
observer record ing "as much as he can" or  whatever i s  most re a d i ly  
observed o f  the soc ia l  behavior o f  a group in  which behaviors,  
in d iv id u a ls  and o f te n  the times f o r  behavior sessions are chosen on 
an ad 1ib1turn basis (Altman 1978:235).
The data f o r  each feeding bout (N=398) were coded and keypunched. 
This  re s u l te d  in  one data card, or  case, f o r  each feeding bout o f  the 
a d u l t  female. Much o f  the data m an ipu la t ion  was ca r r ied  out w i th  the 
use o f  the DEC System-20 computer a t  the U n iv e rs i t y  o f  Montana. Programs 
from the S t a t i s t i c a l  Package f o r  the Socia l Sciences (SPSS) were used, 
as w e l l  as the program SYMAP.
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CHAPTER V 
DATA AND ANALYSIS
D ie ta ry  Percentages: P la n t -P a r t  U t i l i z a t i o n  
As s ta ted  be fo re ,  a l l  A loua t ta  species are considered to  e x h ib i t  
a g e n e ra l i s t  herb ivore  ad ap ta t ion ,  t h a t  i s  they are supposed to 
u t i l i z e  la rg e  q u a n t i t i e s  o f  leaves in  t h e i r  d i e t .  Figure 3 represents 
the percentages o f  d i f f e r e n t  p la n t  par ts  u t i l i z e d  throughout the e n t i r e  
f i f t y - s i x  days o f  s tudy.  Seventy-two percent o f  the howler d i e t  dur ing 
t h i s  per iod cons is ted o f  f r u i t .  Leaves and seeds represented 8% and 
16% re s p e c t iv e ly .  The category o f  " o th e r , "  in c lu d in g  items such as 
f lo w e rs ,  new f r u i t  and leaves, e t c . ,  comprised 4%. Table 2 compares 
the d ie t a r y  percentages from T ika l  w i th  wet season d ie ts  from two o ther  
study s i t e s ,  B .C . I .  (Smith,  C.C. 1969) and Hacienda La P a c i f i c a ,  
Guanacaste Prov ince, Costa Rica (Glander 1975).
TABLE 2
COMPARISONS OF PLANT PART PERCENTAGES FROM THREE STUDY AREAS
_______________Percent Feeding Time_______________
Food Part  T ik a l  1978 B .C . I .  Costa Rica
F r u i t  72% 32% 16%
Leaves 8 66 57
Seeds 16 —— ——
Flowers - -  3 20
Other 4 — 6
30
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By breaking down the d i e t  on ly  i n to  major food p a r t  components, 
i t  appears t h a t  howlers a t  T ik a l  must be u t i l i z i n g  a very d i f f e r e n t  
feed ing  s t ra te g y  than howlers in  o th e r  areas. That i s ,  one would not 
expect to  f i n d  a g e n e ra l i s t  herb ivore  th a t  has a d i e t  composed o f  72% 
f r u i t .  This i s  a reve rsa l  o f  the re s u l t s  from o ther  areas.
I f  the major p la n t  pa r ts  are broken down by m a tu r i t y ,  a ra th e r  
d i f f e r e n t  p ic tu re  emerges. Figure 4 i s  a breakdown o f  f r u i t  and 
leaves by m a tu r i t y .  Of a l l  f r u i t  consumed, 47% (1472 minutes) was 
immature, green f r u i t .  Only a l i t t l e  over h a l f ,  52% (1617 m inutes) ,  o f  
the t o t a l  t ime spent feeding on f r u i t  was spent consuming mature f r u i t .
A t  t h i s  p o in t  i t  i s  necessary to discuss the r e l a t i v e  n u t r i t i o n a l  
q u a l i t i e s  o f  some major food types:
1. I d e a l l y ,  the best k ind o f  food f o r  a consumer i s  animal 
m a t te r ,  because i t  i s  u su a l ly  high in  p ro te in  and/or f a t .  In terms 
o f  c a l o r i c  va lue ,  f a t  is  capable o f  generat ing 9.5 k c a l /g ,  and 
p ro te in  5.7 k c a l /g .  Glucose and s ta rch  are capable o f  producing 
3.7 and 4.2 kcals r e s p e c t iv e ly ,  f o r  every gram consumed. Animal 
foods s a t i s f y  c a lo r i c  need s ince they are high in  the top two 
rank ing components o f  energy value. They also s a t i s f y  p ro te in  
requirements b e t te r  than any o the r  type o f  food (K le ib e r  1961).
2. Second on the l i s t  in  terms o f  food value (and preference on 
the p a r t  o f  the consumer) should be r ip e  f r u i t .  Mature f r u i t  
g e n e ra l ly  conta ins a la rg e  percentage o f  r e a d i l y  a v a i la b le  energy 
in  the form o f  n o n -s t ru c tu ra l  carbohydra tes . Mature f r u i t  s a t i s ­
f i e s  energy requirements,  but i t  i s  u su a l ly  low i n  p ro te in  value.
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3. Unripe f r u i t ,  u n l i k e  i t s  mature co u n te rpa r t ,  does not u su a l ly
con ta in  a la rge  amount o f  sugar. H lad ik  e t  a l ,  (1971) have repor ted  
t h a t  w i t h in  one species o f  f i g ,  sugar content f o r  immature and 
mature f r u i t  v/as 11% and 42% re s p e c t iv e ly .  This kind o f  ana lys is  
has not been conducted on many species u t i l i z e d  by pr imates. I t
i s  g e n e ra l ly  accepted, however, t h a t  immature f r u i t  i s  lower in  
sugar conten t than mature f r u i t  o f  the same species.
The b e n e f i t  o f  immature f r u i t  i s  t h a t  i t  may conta in  more 
p ro te in  than r ip e  f r u i t ,  a l though one expects a g rea t  deal o f  
v a r i a t i o n  between species. A lso ,  t h i s  type o f  food is  gene ra l ly  
low in  f i b e r  so t h a t  a small amount o f  energy is  requ ired on the 
p a r t  o f  the consumer to  a s s im i la te  the a v a i la b le  n u t r ie n ts .
One problem w i th  immature f r u i t  is  t h a t ,  depending upon the 
species,  i t  may con ta in  a la rge  amount o f  tox ins  o r  secondary 
compounds. Secondary compounds are those elements produced by a 
p la n t  f o r  in te r a c t io n  w i th  in d iv id u a ls  o f  o ther  species (Janzen,
D.H. 1978:165).  As p re v io us ly  discussed, the reason f o r  the 
ex is tence o f  secondary compounds in  var ious p la n t  parts  i s  to 
discourage p reda t ion .  I t  would be in  the best evo lu t iona ry  
" i n t e r e s t "  o f  a p la n t  to  lose as few developing f r u i t s  to 
predators as poss ib le .  Any loss reduces the number o f  p la n t  o f f ­
sp r ing  th a t  could po ss ib ly  reach adulthood.
4. Young leaves should be next on the l i s t  in  terms o f
d e s i r a b i l i t y ,  because they are low in  f i b e r  and high in  p ro te in  
r e l a t i v e  to mature leaves. Even though immature leaves do not 
con ta in  a g rea t  deal o f  ready energy, the obs t ruc t ions  to ass im i­
l a t i o n  o f  a v a i la b le  p ro te in  may not be g rea t .
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5. F in a l l y ,  mature leaves are considered to be the lowest
q u a l i t y  food in  t h i s  rank o rde r ing  o f  food types.  Even though 
mature leaves are abundant in  t r o p ic a l  ecosystems, they are 
g e n e ra l ly  low in  p ro te in  va lue ,  low in  ready energy, and high in  
f i b e r  and secondary compounds.
This rank o rde r ing  o f  food type pre ference has been demonstrated 
in  a t roop  o f  chacma baboons ( Papio u rs in u s ) by Hamilton e t  a l .  (1978). 
The baboons appear to u t i l i z e  animal resources whenever a v a i la b le ;  
next they p re fe r  f r u i t s ,  seeds, bu lbs ,  e t c . ,  and i f  nothing e lse is  
a v a i la b le ,  they w i l l  use le a fy  vege ta t ion .
Considering the preceding in fo rm a t ion  about r e l a t i v e  values o f  
food types,  i t  can be seen th a t  the d i f fe re n c e  between the wet season 
d i e t  a t  T ik a l  and o the r  areas is  not as great  as i t  appears. Almost 
o n e -h a l f  the f r u i t  consumed was immature, and th e re fo re  n u t r i t i o n a l l y  
s im i l a r  to  immature leaves,  the l a t t e r  represent ing the "s ta p le "  o f  
howlers i n  areas o th e r  than T ika l  (M i l to n  1978). Howlers a t  T ika l  may 
be said to e x h ib i t  a d ie t a r y  adapta t ion s im i la r  to  A loua t ta  species in  
d i f f e r e n t  areas. I t  should be noted however th a t  the d i s t r i b u t i o n  o f  
immature f r u i t ,  an importan t  p a r t  o f  the howler d i e t  a t  T i k a l ,  is  
probably d i f f e r e n t  s p a t i a l l y  and tem pora l ly ,  from the d i s t r i b u t i o n  o f  
immature leaves. Because the d i s t r i b u t i o n  o f  foods a f fe c ts  the search 
pa t te rns  o f  consumers, one might expect howlers a t  T ika l  to  e x h ib i t  
search pa t te rns  d i f f e r e n t  from howlers in  o ther  reg ions.
P lan t  Part  U t i l i z a t i o n  on a Da i ly  Basis
When look ing  a t  the d ie ta ry  data on a day-to-day bas is ,  an 
i n t e r e s t in g  p a t te rn  o f  sh o r t - te rm  resource e x p lo i t a t i o n  emerged. One
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problem th a t  a g e n e ra l i s t  he rb ivo re  must overcome i s  how to  inges t  
enough energy to  f i n d  foods o f  a s u f f i c i e n t  q u a l i t y  to provide f o r  
body maintenance (M i l to n  1978).
I t  can be argued th a t  the consumption o f  la rge  amounts o f  
f o l i a g e  w i l l  p rov ide the consumer w i th  as much p ro te in  as is  requ i red .  
However, the problem as s ta ted  before is  t h a t  the most abundant f o l i a g e  
type i s  mature leaves, a food high in  f i b e r  ( c e l lu lo s e  and hemi- 
c e l lu lo s e s )  as w e l l  as secondary compounds. I t  would be b e t te r  to 
concentra te on ea t ing  young leaves. The problem w i th  young leaves is  
t h a t  they are not as abundant as mature leaves, thus more search time 
and energy are requ i red  to f i n d  the pr imary food source (M i l to n  1979, 
Struhsaker 1974).
M i l to n  suggests t h a t  howlers u t i l i z e  mature f r u i t  to  subs id ize 
t h e i r  search f o r  young leaves, a food r e l a t i v e l y  low in  f i b e r  and high 
in  p ro te in  con ten t .  The f i b e r / p r o t e i n  r a t i o  may be the most important 
f a c to r  i n  determin ing howler l e a f  choice (M i l to n  1979).
By look ing  a t  the d a i l y  feeding pa t te rn  exh ib i ted  by the a d u l t  
female, i t  would appear t h a t ,  a t  le a s t  f o r  shor t  pe r iods ,  howlers may 
be more in te re s te d  in  e x p lo i t i n g  sources o f  ready energy than in  
ba lancing t h e i r  p ro te in  inpu t- requ irem ent  needs. Figure 5 represents 
the percent o f  t o t a l  d a i l y  feeding t ime spent in  f r u i t  consumption f o r  
the l a s t  t h i r t e e n  days o f  t h i s  study. From August 27 to September 1 
the re  is  a good deal o f  f l u c t u a t i o n  in  the amount o f  f r u i t  consumed, 
from 56 to  91 % From September 2 to September 9, there was a gradual 
increase from 61% to  85%. The impor tan t  th in g  to  note is  t h a t ,  on any 
one o f  the t h i r t e e n  days, the percentage o f  foods th a t  are high in
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energy but low in  p ro te in  never f a l l s  below 50%. Furthermore, when an 
animal spends as much as 91% o f  i t s  feeding t ime consuming mature f r u i t ,  
i t  i s  v i r t u a l l y  c e r ta in  to  be u t i l i z i n g  f a r  more than is  necessary to 
subs id ize  the quest f o r  immature leaves.
The above statement i s  e s p e c ia l ly  important  when one considers 
the f a c t  t h a t  mammals do not have a mechanism by which they can s tore  
p ro te in .  W ith in  fo u r  to  s i x  hours a f t e r  being ingested,  p ro te in  is  
e i t h e r  combined in to  components needed by the consumer, or  d iscarded.
I f  more p ro te in  i s  not obtained a f t e r  t h i s  s ix -hou r  per iod ,  the body 
begins to break down:
1. White blood c e l l s ,  making the body more succep t ib le  to  
i n f e c t i o n .
2. L iv e r  t i s s u e .
3. Muscle p ro te in  (personal communication Nancy Munro,
Crampton 1959).
I t  would appear t h a t ,  a t  le a s t  in  the sho r t  run, howlers may be 
choosing to  e x p lo i t  foods th a t  provide them w i th  n u t r ie n ts  ( f a t s ,  
carbohydrates) t h a t  are e a s i l y  s to red .  With s u f f i c i e n t  energy reserved 
in  the form o f  f a t ,  howlers may e s s e n t ia l l y  be hedging t h e i r  bets 
aga ins t  periods o f  food shortage. I t  is  t ru e  th a t  dur ing periods o f  
high f r u i t  consumption, howlers may s u f f e r  a m i ld  form o f  p ro te in  
s t re s s .  However, the body may be ab le to deal w i th  small p ro te in  
shortages over shor t  periods o f  t ime,  i f  no ser ious long-term damage or 
weakening o f  the in d iv id u a l  r e s u l t s .
M i l t o n 's  hypothesis , t h a t  animals are e s s e n t ia l l y  "choosing" foods 
on the basis  o f  p ro te in  and f i b e r  con ten t ,  i s  not incompat ib le w i th  the
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statement made above concerning "energy hoard ing ."  I t  i s  lo g i c a l  to  
assume th a t  the an a lys is  o f  d a i l y  pa t te rns  o f  consumption may expose 
pa t te rns  o f  behavior which do no t ,  o r  cannot, appear in  the ana lys is  o f  
d ie t a r y  data th a t  are lumped in to  seasonal ca tego r ies .  Researchers 
working w i th  howler ecology have not analyzed t h e i r  data in  d a i l y  or  
weekly increments. Such analyses should prove to be b e n e f ic ia l  to  the 
study o f  opt imal p la n t  p a r t  u t i l i z a t i o n .
Energy hoarding may be another example o f  the behavioral 
adap ta t ions  t h a t ,  as M i l to n  (1979) suggests, a l low  howlers to  cope w i th  
d ie t s  t h a t  are low in  o v e ra l l  energy a v a i l a b i l i t y .
Percent Feeding Time on F r u i t
Given t h a t  food types vary a great deal in  terms o f  the b e n e f i ts  
the consumer may de r ive  from them, i t  i s  lo g ic a l  to  assume th a t  the 
amount o f  feeding t ime per day w i l l  vary in  accordance w i th  concurrent  
d ie ta r y  p ro p o r t io n s .  However, i t  i s  d i f f i c u l t  to  p re d ic t  the 
charac te r  o f  t h i s  v a r i a t i o n .  One might suppose th a t  when r ip e  f r u i t  i s  
r e a d i l y  a v a i la b le ,  an animal would feed f o r  a longer t o t a l  per iod o f  
t ime in  o rder to  take f u l l  advantage o f  t h i s  resource. Since r ip e  
f r u i t  i s  ge n e ra l ly  low in  f i b e r ,  bu lk  would not pose a great problem 
to the consumer. On the o the r  hand, one could argue th a t  i f  animals 
have f i x e d  energy requirements,  they need to feed on f r u i t  f o r  sho r te r  
per iods o f  t ime because i t  i s  high in  a v a i la b le  energy.
In a t e s t  o f  l i n e a r  reg ress ion ,  no re la t io n s h ip  was found between 
the percent o f  t ime spent feeding each day and the percent o f  t ime 
spent feed ing on f r u i t .  One could i n t e r p r e t  t h i s  to mean t h a t ,  when 
f r u i t  i s  a v a i la b le ,  the a d u l t  female is  not necessa r i ly  feeding f o r  a
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longer t o t a l  t ime to  take advantage o f  t h i s  resource. There was however 
a no tab le  exc lus ion  o f  o th e r  items from the d i e t  dur ing periods when 
r ip e  f r u i t  was r e a d i l y  a v a i la b le .
The la rg e r  quest ion o f  the k ind o f  feeding s t ra te g y  associated 
w i th  s p e c i f i c  food types cannot be reso lved because no p o s i t i v e  or 
negat ive r e la t i o n s h ip  was demonstrated.
P lant  Part  Change Through Time
Figure 5 i s  a graph o f  the percent consumption o f  d i f f e r e n t  
p la n t  pa r ts  dur ing seven-day increments. Each o f  the e ig h t  seven-day 
increments represents one data s u b f i l e ,  labe led A through H. (See 
Appendix I f o r  the days inc luded in  each s u b f i l e . )  For ins tance ,  in
s u b f i l e  A, mature f r u i t  made up 73% o f  the d i e t ,  immature f r u i t  24%,
and leaves 3%. As can be seen from Figure 6, there  was a g reat  deal
o f  f l u c t u a t i o n ,  week to  week, in  terms o f  the major p la n t  pa r t  being
eaten.
The very high percentage o f  f r u i t  dur ing s u b f i l e  A was due to 
the u t i l i z a t i o n  o f  copal ( Protium copa l) . A f t e r  copal ceased to  bear 
r i p e  f r u i t ,  there were e s s e n t ia l l y  no t rees in  the f o r e s t  w i th  r ip e  
f r u i t .  A f t e r  the red uc t io n  in  r ip e  f r u i t  a v a i l a b i l i t y ,  immature f r u i t  
(most ly  ramon) , seeds, and leaves increased in  importance in  the d i e t .  
During the t h i r d  week, s u b f i l e  C, the p ropo r t ion  o f  seeds in  the d ie t  
increased r a p id l y  from 24% to 57%, w h i le  leaves decreased by on e -h a l f ,  
from 35% to  18%. A f t e r  t h i s  pe r iod ,  immature f r u i t  became the dominant 
food type eaten. From the fo u r th  week u n t i l  the end o f  the s tudy,  the 
amount o f  immature f r u i t  va r ied  in ve rse ly  w i th  the p ropo r t ion  o f  r ip e  
f r u i t  in  the d i e t .  S u b je c t iv e ly ,  i t  appears t h a t  howlers are
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c o n s is te n t l y  u t i l i z i n g  the food source w i th  the h ighes t  energy y i e l d .  
The o n ly  t ime th a t  l e a f  in ta ke  increased g re a t ly  was when foods o f  
h igher  q u a l i t y  were not a v a i la b le .
Changes in  P lan t  Part  U t i l i z a t i o n  through the Day
The f i n a l  a n a lys is  concerning p la n t  p a r t  deals w i th  the t ime o f  
day a t  which d i f f e r e n t  food types are eaten. Two pat te rns  emerged 
a f t e r  look ing  a t  the type o f  food consumed dur ing the f i r s t  and l a s t  
feeding bouts o f  the day.
1. The f i r s t  feeding bout o f  the day consis ted o f  leaves on
on ly  two o f  the f i f t y - s i x  days o f  the study. Of the remaining 
days, mature f r u i t  was the f i r s t  food eaten on twenty days; immature 
f r u i t  e ighteen days; and seeds s ix  days. (On nine days o f  
observa t ion ,  the f i r s t  feeding bout was not observed.)
In the morning, an animal has not taken in  any energy since
the f i n a l  feeding bout o f  the previous evening, c rea t ing  a fa s t in g  
per iod o f  between e ig h t  and twelve hours. For t h i s  reason i t  
makes good sense to  u t i l i z e  the best q u a l i t y  food a va i la b le  in  the 
morning in  o rder to  ob ta in  enough energy to begin another day 's 
a c t i v i t i e s  (Raemakers 1978).
That howlers do not always begin t h e i r  day w i th  a feeding 
bout o f  mature f r u i t  may be a t t r i b u t e d  to the f a c t  th a t  howlers do 
not spend a g rea t  deal o f  t ime and energy searching f o r  q u a l i t y  
foods. In t h i s  regard ,  howlers are energy conservers. A reduct ion 
in  energy th a t  has to  be expended on food search a c t i v i t i e s  leads 
to a reduc t ion  in  the t o t a l  amount o f  energy requ i red .  In o ther 
words, i f  a " q u a l i t y "  food is  e a s i l y  obtained in  the morning, then
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howlers w i l l  take advantage o f  i t ,  i f  not  they w i l l  use what is  
c lose a t  hand. At some p o in t ,  search costs outweigh the be n e f i ts  
o f  high q u a l i t y  food.
2. A second ra th e r  i n d i s t i n c t  bu t  nonetheless d is c e rn ib le
pa t te rn  i s  t h a t ,  l i k e  o ther  species o f  pr imates,  howlers tend to 
inges t  leaves la te  in  the day (Raemakers 1978). The r e l a t i v e  
q u a l i t y  o f  leaves as a food source has a l ready been discussed. Due 
to the high f i b e r  conten t  o f  most leaves, a good deal o f  energy is  
requ i red  to a s s im i la te  the a v a i la b le  n u t r ie n ts  ( p r o te in ) .  I f  
leaves are ingested la te  in  the day, they can be processed dur ing 
the evening, when the animal i s  a t  r e s t  and energy is  not required 
f o r  o ther  a c t i v i t i e s .
Because howlers a t  T ika l  were using so few leaves in  t h e i r  
d i e t ,  t h i s  p a t te rn  was not as " s u b je c t iv e ly "  apparent as the 
re s u l t s  from o the r  s tu d ie s ,  but there  is  a s t a t i s t i c a l l y  s i g n i f i c a n t  
asso c ia t ion  o f  food type w i th  t ime o f  day, a t  le a s t  f o r  f i r s t  and 
l a s t  bouts (x2=8.92, p<0.01, 1 degree o f  freedom). Howlers appear 
to be conserving energy by ea t ing  q u a l i t y  foods e a r ly  in  the day, 
and w a i t in g  u n t i l  periods o f  r e l a t i v e  i n a c t i v i t y  to use hard to 
d ig e s t  food types.
Species U t i l i z a t i o n  
The t y p ic a l  p a t te rn  f o r  resource u t i l i z a t i o n  among g e n e ra l is t  
herb ivores  is  to  use a wide range o f  p la n t  species in  t h e i r  d i e t .
F igure 7 represents the t o t a l  species composit ion o f  the d i e t  dur ing 
f i f t y - s i x  days o f  observa t ion .  Two species make up 89% o f  the d i e t ;  
ramon ( Brosimum a l ic a s t r u m ) ,  and capu l in  (taxonomic designat ion
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unknown), represented 76% and 22% re s p e c t iv e ly .  The remaining 11% o f  
the  d i e t  cons is ted o f  t h i r t e e n  o th e r  species, none o f  which made up 
more than 3% o f  the t o t a l .  (See Appendix I I  f o r  a l i s t  o f  the species 
and p la n t  pa r t  u t i l i z e d  dur ing t h i s  s tu d y . )
The heavy re l ia n c e  upon two t re e  species would seem to  be 
unusual behavior f o r  a g e n e ra l i s t  he rb ivo re .  D ie ta ry  data from o ther  
s tu d ie s ,  however, have u s u a l ly  been lumped in to  seasonal ca tegor ies .
I f  such data are broken down in to  smal le r  increments, one may f in d  
th a t  f o r  any given per iod o f  t ime a s in g le  species o r  a few species 
predominate in  the d i e t .  For example, among red colobus monkeys 
( Colobus badius te p h ro sce les) ,  dur ing each o f  several months, two 
food species made up a l i t t l e  over h a l f  o f  the t o t a l  d i e t  (Struhsaker 
1974); 59% was the la rg e s t  value repor ted .
Figure 8 i s  a breakdown o f  species used dur ing each seven-day 
s u b f i l e  (A-H). During any s u b f i l e ,  two t re e  species make up a t  
le a s t  84% o f  the t o t a l  d i e t .  There i s ,  however, a good deal o f  
v a r i a t i o n  from s u b f i l e  to  s u b f i l e  in  the amount o f  u t i l i z a t i o n  o f  any 
s in g le  species. Ramon va r ies  from 39% to 94%, capul i  n var ies  from 
6% to  45%. I t  i s  probably the case th a t  any species th a t  has q u a l i t y  
food pa r ts  f o r  the tak in g  w i l l  be h e av i ly  u t i l i z e d .  Mature capul in  
f r u i t  represents 83% o f  the t o t a l  capu l in  feeding t ime, and 79% 
o f  the t o t a l  t ime spent feeding on mature f r u i t .  This heavy re l ia n c e  
upon cap u l in  i s  i n te r e s t in g  in  view o f  the f a c t  th a t  the dens i ty  o f  
ca p u l in  a t  T ika l  has been est imated to  be on ly  .5 t rees per hectar  
(Cant 1977). Thus the second most prominent food species used a t  
T ika l  was a f a i r l y  ra re  t re e .  M i l to n  (1979) suggests th a t  one o f  the
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behaviora l  s t ra te g ie s  employed by howlers in  o rder  to  deal w i th  t h e i r  
low q u a l i t y  d i e t  i s  to  use w e l l  developed t r a v e l  routes to  areas o f  
"known" resource a v a i l a b i l i t y .  The e f f i c i e n t  use o f  lo w -d ens i ty  species 
would tend to support  t h i s  assumption.
The high re l ia n c e  upon ramon in  the d i e t  i s  eas ie r  to  exp la in  
s ince  i t  i s  the h ighes t  dens i ty  t r e e  species a t  T i k a l ,  f o r t y  per 
ha^ (Cant 1977). I t  i s  the f r u i t  from t h i s  t r e e  species t h a t  makes 
up the m a jo r i t y  o f  immature f r u i t  consumed a t  T i k a l .  Ramon seems to 
be an unusual ly  "e d ib le "  t r e e  species. The immature f r u i t  and seeds 
e s p e c ia l l y  seem to  be consumed in  la rg e  q u a n t i t i e s  by several species 
o f  mammals a t  T i k a l .  The seeds are consumed by humans a f t e r  being 
ground in to  a meal, and the f o l i a g e  o f  ramon is  cu t  f o r  l i v e s to c k  when 
o the r  food i s  not a v a i la b le .  U n fo r tun a te ly ,  no an a lys is  o f  the 
contents o f  ramon has been made ( i . e .  p ro te in ,  secondary compounds).
I t  i s  lo g ic a l  to  assume from the high ra te  o f  ramon consumption th a t  
the immature f r u i t  and seeds are f a i r l y  low in  secondary compounds.
Ramon seeds may even resemble r ip e  f r u i t  in  terms o f  n o n - t o x i c i t y  and 
e d i b i l i t y .
F i n a l l y ,  in  terms o f  species u t i l i z a t i o n  I would l i k e  to  discuss 
the use o f  the t h i r t e e n  o the r  species in  the d i e t .  I f  Glander is  
c o r re c t  i n  suggesting t h a t  p la n t  secondary compounds f ig u r e  prom inent ly  
in  the s e le c t io n  o f  d ie ta r y  i tems, the continuous in c lu s io n  o f  species 
o the r  than the main food source may be expla ined w i t h in  t h i s  con tex t .
E s s e n t ia l l y  two s t ra te g ie s  are a v a i la b le  to  herbivores th a t  
have to  deal w i th  secondary compounds:
1, Be a s p e c ia l i s t  and reduce the number o f  d i f f e r e n t  secondary 
compounds w i th  which your system has to dea l .
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2. Be a g e n e ra l i s t ,  and avoid in g e s t in g  too much o f  any s in g le  
secondary compound (Glander 1978).
I f  an animal is  a g e n e ra l i s t  he rb ivo re ,  i t  i s  necessary to  mainta in  
the a b i l i t y  to  d e to x i f y  compounds from many d i f f e r e n t  spec ies - 
E s s e n t ia l l y ,  an animal using a wide resource base needs to  keep i t s  
system desens i t ized  to  the presence o f  many t o x i c  substances. Figure 8 
shows th a t  even dur ing per iods when one species represented 94% o f  the 
d i e t ,  s u b f i l e  B, a few o ther  species were being u t i l i z e d .  As s ta ted  
p re v io u s ly ,  the a b i l i t y  o f  an animal to  deal w i th  secondary compounds 
depends in  p a r t  upon i t s  past experience w i th  the substance (Janzen 
1978). The l im i t e d  use o f  several d i f f e r e n t  species in  a d d i t io n  to  
the predominant food species may be expla ined as a behavior t h a t  a ids 
in  the b u i ld -u p  and co n t in u a t io n  o f  re s is ta nce  to  secondary compounds.
Ranging Behavior
Previous researchers working w i th  howlers have not iced a pa t te rn  
descr ibed by Carpenter (1935) as several days o f  l im i t e d  t r a v e l ,  
fo l low ed  by unusual ly  long and f a i r l y  cont inuous marches. M i l to n  
descr ibes a s im i l a r  p a t te rn ,  namely the use o f  core areas. A howler 
group may have a small area through which they forage f o r  several 
days. A f t e r  a per iod o f  t im e ,  the group moves--Carpenter ' s " long 
march"— and s e t t l e s  once again to  begin fo ra g in g  in  a new core area.
The p a t te rn  o f  core area u t i l i z a t i o n  was observed dur ing the 
summer o f  1978 a t  T i k a l .  The t o t a l  home range f o r  howlers du r ing  the 
f i f t y - s i x  days o f  the study was fo r ty -s e v e n  hec ta rs .  D a i ly  d is tances 
va r ie d  from between approx imate ly  one hundred meters to  more than 
f i v e  hundred meters. W i th in  the boundaries o f  the ce n t ra l  ru ins  area
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the re  appeared to  be several areas o f  high feeding d e ns i ty  t h a t  formed 
a rough t r i a n g l e .  Between the po in ts  o f  the t r i a n g l e  formed by these 
core areas,  there appeared to be we l l -deve loped t ra v e l  paths along 
which the animals foraged.
In o rder  to  represent  t h i s  kind o f  behavior g r a p h ic a l l y ,  the 
p o s i t io n  o f  feeding t rees  in  the howler home range and the t o t a l  
feeding t ime f o r  each t r e e ,  were used w i th  the computer graphics 
program, ASPEX, to  produce a map o f  high de ns i ty  feeding areas. (Every 
p lo t te d  t r e e  was given X and Y coord ina tes .  The value given to  each 
p o in t  was the t o t a l  t ime spent feed ing in  the t re e  represented by the 
p o in t . )  The end r e s u l t  o f  t h i s  program appears in  F igure 9.
Figure 9 represents the howler home range as viewed from i t s  n o r th ­
west corner .  (The area inc luded in  t h i s  topographic map corresponds 
to  the area o f  the c e n t ra l  ru ins  in  F igure 2 . )  This  perspect ive  
(170 degrees) was used in  the mapping program because i t  resu l ted  in  
the best unobstructed view o f  the t o t a l  area. There are th ree 
d i s t i n c t  peaks in  F igure 9 t h a t  have been labe led A, B, and C. These 
peaks represent  areas th a t  had a high value in  terms o f  feeding t ime.
The f l a t  areas on t h i s  map represent  parts  o f  the f o r e s t  in  which 
howlers d id  not feed. The area w i t h in  the t r i a n g l e  formed by peaks 
A, B, and C conta ins a number o f  small " h i l l s "  t h a t  represent areas 
th a t  were used as the  animals t ra ve le d  from one core area to another.
The area o f  high r e l i e f  labe led  A is  i n t e r e s t in g  because i t  
in d ic a te s  an extens ive use area. That i s ,  many t rees  spread out over 
a f a i r l y  la rge  area were in te n s iv e ly  used. On the o th e r  hand, area B 
was not as extensive in  o v e ra l l  sur face area, but contained a few 
t rees  t h a t  were fed in  f o r  long periods o f  t ime.  Both A and B may be
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considered core areas, in  s p i te  o f  the dimensional d i f fe re n c e s  between 
the two. Area C, a lso a core area, is  not as ex tens ive  in  sur face 
area as A, nor does i t  con ta in  in d iv id u a l  feed ing values as g reat  as 
in  area B. The ex is tence o f  core areas to  which howlers repeated ly  
r e tu rn ,  i n  a d d i t io n  to  w e l l - d e f in e d  t ra v e l  rou tes ,  in d ica te s  th a t  
howlers are adept a t  lo c a t in g  " q u a l i t y "  foods when a v a i la b le .
The same kind o f  dimensional d i f fe re n ce s  found in  core areas w i l l  
make the de te rm ina t ion  o f  patch s ize  d i f f i c u l t .  T h e o r e t i c a l l y ,  one 
could f i n d  two t rees  o f  d i f f e r e n t  species,  d i f f e r e n t  s ize s ,  d i f f e r e n t  
shapes and d i f f e r e n t  food types t h a t  represent  equ iva len t  feeding 
patches in  terms o f  the  energy a v a i la b le  to  the consumer. Determining 
an adequate measure o f  patch s ize  i s  going to  req u i re  s p e c ie s -s p e c i f ic  
data f o r  both the animal preda tor  and the p la n t  species being consumed.
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CHAPTER VI 
SUMMARY AND CONCLUSION
By analyz ing the d i f f e r e n t  type o f  p la n t  parts  consumed over a 
f i f t y - s i x - d a y  pe r iod ,  by seven-day increments, and in d iv id u a l  days, i t  
was found t h a t  howler monkeys a t  T i k a l ,  l i k e  howlers in  o ther  areas, 
e x h ib i t  a g e n e ra l i s t  he rb ivo re  ad ap ta t ion .  That i s ,  t h e i r  d i e t  inc ludes 
la rge  q u a n t i t i e s  o f  foods t h a t  are low in  q u a l i t y .  At T ika l  t h i s  food 
type i s  immature f r u i t ,  whereas young leaves form the s tap le  o f  the 
howler d i e t  in  o th e r  areas (M i l to n  1978, Glander 1978). A poss ib le  
d i f f e re n c e  between the fo ra g in g  s t ra te g y  o f  howlers a t  T ika l  and howlers 
in  o ther  areas may r e s u l t  from d i f fe re n ce s  in  the temporal and s p a t ia l  
d i s t r i b u t i o n  o f  immature f r u i t  as opposed to  immature leaves.
When the d ie t a r y  data were broken down in to  d a i l y  and weekly 
increments f o r  a n a ly s is ,  howlers e x h ib i t  sho r t - te rm  pa t te rns  o f  
e x p lo i t a t i o n  th a t  have not been discussed by previous researchers.
The almost exc lus ive  use o f  foods high in  ready energy dur ing periods 
o f  peak a v a i l a b i l i t y  suggests th a t  howlers are o p t im iz in g  t h e i r  
c a l o r i c  in take  a t  the expense o f  o the r  b o d i ly  requirements (namely 
p r o te in ) .  The re s u l t s  from t h i s  study do not in d ic a te  whether t h i s  i s  
the major c r i t e r i o n  f o r  the s e le c t io n  o f  d ie ta r y  items. However, as a 
s h o r t - te rm  s t ra te g y ,  energy hoarding seems to  be one o f  the behavioral  
s t r a te g ie s  used by howlers to prepare f o r  per iods when on ly  energy-poor 
foods are a v a i la b le .
52
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In  a d d i t io n  to  ea t ing  high q u a l i t y  foods whenever p o ss ib le ,  
howlers conserve energy by u t i l i z i n g  hard to  d ig e s t  foods la te  in  the 
day. At t h i s  t ime a c t i v i t y  i s  reduced and energy is  a v a i la b le  f o r  the 
a s s im i la t i o n  o f  n u t r ie n ts  from f ib ro u s  m a te r ia ls .  Foods h igher  in  
ready energy are more o f te n  inc luded in  the f i r s t  feeding bout o f  the 
day presumably to  begin the day 's  a c t i v i t i e s  w i th  a "dose" o f  energy 
and avoid de p le t in g  energy reserves.
Howlers a t  T ik a l  depend h e a v i ly  upon the f r u i t ,  seeds, and leaves 
o f  one t re e  species,  ramon ( Brosimum a l ic a s t ru m ).  Another t re e  
f i g u r i n g  prom inen t ly  in  the d i e t  i s  c a p u l in . The pa t te rn  o f  l im i t e d  
dependence upon one o r  a few t re e  species f o r  shor t  periods is  not 
n e cessa r i ly  strange f o r  g e n e ra l i s t  herb ivores .  I t  i s  o f ten  the case 
th a t  a l l  i n d iv id u a ls  o f  a t r e e  species w i l l  produce new leaves or 
bear f r u i t  dur ing the same per iod o f  t ime. (This i s  t ru e  o f  ramon 
and c a p u l in . )  I f  an animal i s  tak in g  maximum advantage o f  high 
q u a l i t y  foods , then dependence upon the species o f  t re e  producing such 
food can be expected.
The fa c t  t h a t  howlers do not e n t i r e l y  exclude o th e r  species 
from t h e i r  d ie t  may in d ic a te  t h a t ,  a t  t imes, instead o f  re ly in g  
predominantly  on ramon and c a p u l in , they must depend upon a v a r i e t y  
o f  foods. The a b i l i t y  to a s s im i la te  n u t r ie n ts  from var ious food 
species depends i n  p a r t  upon m a in ta in ing  a res is ta nce  to secondary 
compounds contained in  the food. Thus con t inua l  sampling o f  a v a r i e t y  
o f  food types may enable howlers to  u t i l i z e  these species when high 
q u a l i t y  foods are not a v a i l a b le .
From the ana lys is  o f  the data on rang ing ,  i t  appears th a t  w i t h in  
the howler home range the re  are several core areas o f  resource use to
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which the study group repeated ly  re tu rned .  Well -developed t ra v e l  paths 
connect these core areas. I t  i s  l i k e l y  t h a t  core areas change according 
to  the  season and food a v a i l a b i l i t y .  " F a m i l i a r i t y "  w i th  an area may be 
another behav iora l  s t ra te g y  t h a t  howlers use to  save energy in  terms o f  
search costs .
In  genera l ,  i t  can be said t h a t  howlers are u t i l i z i n g  a fo rag ing  
s t ra te g y  t h a t  minimizes energy expenditure and maximizes energy in ta ke .
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APPENDIX I
S u b f i1e A inc ludes the days o f 6/25 to 7/02
S u b f i le B i ncludes the days o f 7/21 to 7/27
S u b f i le C inc ludes the days o f 7/28 to 8/03
S u b f i le D includes the days o f 8/04 to 8/11
S u b f i le E inc ludes the days o f 8/12 to 8/18
S u b f i le F inc ludes the days o f 8/19 to 8/25
S u b f i le G inc ludes the days o f 8/26 to 9/01
Subfi 1 e H inc ludes the days o f 9/02 to 9/08
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APPENDIX I I
SPECIES AND PLANT PART UTILIZED
Common Name 
Ramon
Capulin
Copo f i g
Philodendron
Chakah
Chico Zapote
Rough-leaf
s t ra n g le r
Tzol
Copal 
Yaxni c
Malar io  bianco
Z a p a t i l l o  hembra
U n id e n t i f i e d
species
Uni dent i  f i e d  
species
Taxonomic Designation 
Brosimum a l ica s t ru m
unknown 
Ficus species 
unknown
Bursera simarouba 
Archas zapota 
unknown
Cupania pr isca
Protiurn copal
V i te x  guameri
Aspidosperma megalocarpon
unknown
unknown
unknown
Part  U t i l i z e d
Immature, mature f r u i t  
seeds, immature and 
mature leaves
Immature and mature 
f r u i t ,  immature leaves
Mature f r u i t ,  immature 
mature leaves
Mature leaves
Immature f r u i t ,  
mature and immature 
leaves
Immature and mature 
f r u i t ,  immature and 
mature leaves
Mature leaves
Mature f r u i t  
Mature f r u i t  
Immature leaves 
Immature leaves 
Mature leaves 
Immature leaves
Mature leaves
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